Introduction
For most people, the dental environment is anxiety-provoking. Patients with intellectual disabilities (ID) 1 and complex communication needs 2 often find their dental visits frightening [1] . This is due largely, to their reduced cognitive ability to fully understand the process and consequences of their dental treatment and/or their impaired communication capacity to express their feelings during dental consultations. Provision of meaningful communication and the quality of patient-centred care, therefore, often depend on the ability of the dental professional team to identify and interpret the verbal and non-verbal cues of emotional distress of this patient group. A reliable and valid behavioural observation scheme becomes a useful tool to measure affective communicative behaviour of this patient group and assist clinicians in effective management of emotional distress of these patients. Although the
Verona Coding Definitions of Emotional Sequences (VR-CoDES) has been reliably applied
in a dental setting with a standard patient group [2] , it is unknown how dental patients with ID express their emotional distress using this scheme. As part of a larger study aiming to improve communication between dental professionals and special-needs patients, this study focuses on investigating the applicability of the VR-CoDES in the dental setting involving patients with complex communication needs. More importantly, the dental context and the interactive nature of a dental consultation should also be reflected. Although the Emotion Facial Action Coding System (EMFACS [4, 5] was appropriate to measure facial expressions of emotion of dental patients, it would fail to capture health providers' interpretation of emotions using this scheme. Similarly, other potentially suitable schemes (e.g. The Disability Distress Assessment Tool :DisDAT [6] , and some vocal affect expression assessment tools [7] ) all neglected the important interactions between expression and impression (response), an important issue highlighted in both the intellectual disability literature [8] and the emotion research literature [9] . Despite a small sample size (n=13), Wright et al. [2] found that the VR-CoDES could reliably code (with satisfactory inter-and intra-coder scores) dental patients' expressions of emotional distress, as well as dental professionals' responses to patients' cues and concerns. This initial finding has made the VR-CoDES particularly desirable to addressing what has been highlighted in the literature of studying both emotion expression and interpretation (response) of these emotions. Hence, we tentatively applied VR-CoDES with this special patient group in the dental context.
The VR-CoDES in the dental context
The VR-CoDES is a consensus based system to studying patients' expressions of emotional distress [10] and health providers' responses to patients' expressions emotions [11] . It was developed primarily from medical consultations and only relatively recently has been applied to the dental context [2] . Two dental-specific features were highlighted by Wright et al. [2] , which presented challenges in applying the VR-CoDES in the dental context: (1) multiple dental professionals, resulting in multiple responses to patient distress cues and concerns; and A c c e p t e d M a n u s c r i p t
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(2) occurrences of non-verbal behaviours, arising from dental treatment conducted in the mouth.
A number of guidelines were, therefore, developed by the research team to tackle these challenges [2] , which have relevance when applying the VR-CoDES in communications involving patients with complex communication needs. For patients with ID attending dental treatment, having an additional dental worker at site (e.g. a dental nurse or a dental support worker) is important for successful and efficient delivery of treatment. Patients' expressions of emotional needs are usually recognized and/or responded by either, or both, dental staff.
According to the first of Wright et al.'s guidelines which deals with multiple staff members, when the responses follow each other chronologically, the second staff's speech should not be coded as a provider response unless it is directly related to the patient's cue or concern.
We were, therefore, interested in exploring, to what extent, this guideline can be applied in patients with ID; particularly when a dental nurse often responds to the dentist, who has initially responded to the patient's cue or concern. In addition, staff non-verbal behaviours are frequently used to assist communication with dental patients with ID (e.g. gesture) and to reduce anxiety (e.g. a reassuring touch). This guideline did not provide additional information on how to code staff non-verbal responses.
The second guideline from Wright et al. was developed to assist coding non-verbal expressions of emotional distress. This guideline was developed due to the impracticality of patient verbal speech during the dental treatment conducted in the mouth. The guideline suggests a careful examination of the 'ah, ooooho' type of verbal expressions and to code as a non-verbal Cue F when they carry the function of beyond, merely, describing symptoms. For patients with ID, the 'ah, ooooho' type of verbal expressions might be occurring due to an
Methods

Participants
Fourteen dental consultations from three National Health Service (NHS) special dental care service units in east Scotland were video recorded during a two-month period between April and June 2013. This involved fourteen patients with complex communication needs (six male and eight female) and eight dental staff (four female dentists and four female dental The majority of the consultation (86%) involved a dental check-up with a varying level of cleaning, polish, oral hygiene and brush advice; only two patients had a more invasive treatment of drilling and/or filling. All staff participants had a minimum of four years of experience of working with patients with special needs.
Recruitment of staff participants were conducted through introductory meetings with eligible dental staff by the research team. Patients were invited to participate by the dental staff who had already consented to the study. The fourteen dental consultations, each lasted from five to 26 minutes, were recorded by two research assistants at the NHS special care service premises. A patient, a dentist, a dental nurse and sometimes a family member (or a carer) and a trainee dental nurse were present at the recording. Family member (or a carer) and trainee nurses were not included in the analysis. Research evidence investigating camera awareness generally supports the use of video recordings as a method to study healthcare communication [12, 13] . and were reassured confidentiality prior to their inclusion in the study.
Coding cues/concerns and response
The Verona Coding Definitions of Emotional Sequence (VR-CoDES-CC and VR-CoDES-P) [10, 11] was used to code patient cues/concerns and staff responses. Additional guidelines September 2013. Cohen's Kappa [15] , with 95% confidence interval estimates, was used to check both inter-and intra-coder reliability for cues/concerns and provider responses.
Data analysis
Analysis of the 14 dental consultations was conducted in the following steps:
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The main coder (YZ), formally trained on the use of the VR-CoDES and The Observer
XT system, coded all the 14 clips.
2. After coding of the 14 clips was complete, those clips where cues and concerns were present were selected (n = 7) for inter and intra coder reliability checks.
3. For the inter-coder reliability check, GH (co-author, professor in health psychology and a member of the Verona network) acted as an external coder. When disagreements arose between coders, discussions were made until agreements were reached and the agreed codes were used for final analysis. Notes for coding were subsequently made to modify the VR-CoDES. On occasions where an agreement was unable to be reached, an external expert coder from the Verona sequence analysis network (LDP) was consulted through an email to resolve text queries without viewing the video clips due to ethical reasons. This expert's coding was used for the final analysis.
4. For the intra-coder reliability check, YZ coded the seven selected clips again to ensure the internal coding consistency of the same coder over a period of time.
5. Frequencies of cues/concerns and responses were then computed.
In addition, when applying the two guidelines in Wright el al.'s study, the following procedures were adhered to.
In coding multiple responses:
1. Establish whether multiple responses occurred through consensus.
2. If so, determine whether the second response was directly related to the same cue/concern.
3. If directly, code second response as well as the first one.
4. Note down challenges, solutions and comments in applying the guideline.
In coding non-verbal cues:
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A c c e p t e d M a n u s c r i p t 10 1. Search for obvious non-verbal behaviours (e.g. crying, groaning, sighing, silence, gestures).
2. Determine Cue F through examination of contexts, verbal contents, and checking with clinicians/other coders.
3. Examine possible causes (e.g. dental treatment, disability condition or emotional distress) of 'ah, ooooho, groaning' type of non-verbal behaviours to confirm coding.
4. Note down challenges and comments.
Results
3.1.
Applicability of the VR-CoDES to the dental setting involving patients with complex communication needs
[Insert Table 1 here] Table 1 provides typical examples of cues/concerns identified using the VR-CoDES-CC. As can be seen from Table 1 , when cues were identified, they were largely restricted to cue type D (neutral expressions) and F (non-verbal cues). No instances were identified as concerns with this patient group. The overall Cohen's Kappa for both inter and intra coder reliability was considered satisfactory according to Altman' criteria [16] (see Table 2 ). It is worth noting, however, the large discrepancy between the minimum and maximum agreement values due to low frequency of cues and responses of certain clips.
[Insert Table 2 here] 3.2.
Frequency of cues/concerns and responses Table 3 were non-verbal and the majority of the cues occured in more invasive dental procedures such as drilling or filling. A total of 20 responses were coded, as both the dentist and the dental nurse responded to the same cue on four occasions. Reducing space type of response ( n =12) were used more frequently than providing space response (n = 8).
[Insert Table 3 here]
[Insert Table 4 here] Table 4 provides detailed coding of cues and responses for the seven clips where cues were present. Two features emerged regarding the type of cues presented in Table 4 : (1) as ERIa as it can be considered as directly responding to either the cue or dentist's request.
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Another challenge concerns how to code non-verbal responses. It is common to see a dental staff member providing a reassuring touch to a patient with or without verbal expressions (see P14 in Table 4 for considering EPCAc code). Coding the non-verbal response beyond the dimension of providing vs reducing space is challenging. In our example when the dental nurse held the patient's hand and stroked gently, it was tentatively coded as EPCAc.
Discussion and conclusion
4.1. were identifiable using the VR-CoDES -CC and the VR-CoDES -P, when assisted with the additional guidelines for the application of the VR-CoDES in a dental context. Satisfactory inter and intra coder reliability were achieved for both cues and responses.
Patient's expression of emotional distress
Sixteen cues were identified within 14 consultations, resulting in about one cue in each dental-patient interaction. Furthermore, no cues or concerns were observed in half of the consultations. Compared to the 7.3 mean cue expression rate per dental appointment in the first study where the VR-CoDES was applied in a dental context [2] , this patient group demonstrated a far lower frequency of cues. It would be premature to conclude that this patient group do not have many emotional cues/concerns during their dental visit, compared
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We suspect that this low frequency of observed cues might be due to a limited understanding, from both researcher and dental staff points of view, of how dental patients with ID express their emotions in general [17] . It was also possible that researchers and dental workers unfamiliar with that individual are disadvantaged in identifying and responding to emotional cues compared to carers who have greater knowledge and familiarity with those individuals as indicated in Regnard et al's study [6] . Unlike the DisDAT [6] , no baseline behaviour in a non-clinical setting was obtained in the VR-CoDES to help detect behavioural changes as indicators for emotional distress. This lack of an additional video recording of the patient in the company of another adult (e.g. teacher, trainer) might also have contributed to a relatively low cue expression frequency.
The absence of both explicit verbalization of emotional distress (concern) and verbal use of metaphors or unusual words to hidden emotions (Cue B), which were observed in the Wright et al.'s study [2] , did seem to suggest a different channel of emotional expressions for patients challenged with intellectual and/or communication difficulties. Cue expression with this patient group was also limited to certain types (Cue D and Cue F), with a higher frequency in phases of interactions with more invasive dental procedures, such as drilling.
Dental treatments with more invasive elements are likely to be linked with higher level of dental anxiety [18] and it seemed to be no exception for patients with complex While it proved challenging in our study to distinguish between cues arising from patient intellectual/communication difficulties, and from the nature of the treatment or from the combination, it will be useful for future researchers to explore further this area and gain additional evidence to assist the dental clinicians in improving attendance to patients' emotional needs through understanding causes of emotional distress.
Close inspection of cue expression, 75% of cues (12 out for example, by talking to the carer and/or a family member.
Multiple responses to cues and non-verbal responses
Out of 20 responses provided by the dental team, 12 were reducing-space, which was 20% more than providing-space type of response. In Wright et al.'s study [2] , where dental patients were involved, the frequency of reducing-space type response was 50% more than providing-space type response. Due to the small sample size in our study, it is difficult to A c c e p t e d M a n u s c r i p t
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Our findings have highlighted a need and suggested directions to further improve the guidelines in the areas that have been discussed earlier in this section, in particular, multiple health professionals' responses to the same cue and their impact on patient response.
Study limitations and strengths
This is the first time that authors are aware that the VR-CoDES has been applied to the dental context involving patients with complex communication needs. We appreciate the small sample size and how this feature may detrimentally influence the internal and external validity of the findings. We believe, however, our coding experience and reported cues and responses with this special patient group have provided a useful initial step towards an ongoing exploration of how health providers in general identify and manage emotional distress of patients with intellectual and/or communication difficulties. Due to a limited sample size, we were unable to make comparisons in emotional expressions among patients with different types of ID. In future studies, it will be beneficial, with a larger sample size, to explore possible differences in emotional expressions between, for example, patients with Down syndrome and those with ADHD. The important strength of adopting the VR-CoDES with this patient group is that the researcher is able to study the close correspondence between emotional experiences of the patient and, importantly, the clinician response. Other systems of detecting observational emotional content in interactions tend to ignore clinician's responses.
Conclusion
Supplemented by the guidelines of the VR-CoDES in a dental setting by Wright et al., the current version of the VR-CoDES is a potentially reliable tool for coding emotional cues of dental patients with intellectual and communication difficulties, as well as dental 
Practice implications
The current version of the VR-CoDES, with further guidelines for application in the dental context, provides a potentially useful tool not only for understanding emotional distress of dental patients with complex communication needs and but also, and crucially, how dental professionals manage these emotional cues. The authors encourage future researchers to explore further the application of the VR-CoDES with this patient group and modify the coding scheme through continuing discussion. A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t Table 3 Frequency of cues and reponses (n = 14) *P1  P2  P4  P5  P8  P11  P13  P3  P6  P7  P9  P10  P12 *P1= dental patient number 1 †= responses from both dentist and dental nurse NPAc: Dentist non-specifically acknowledges the fact that the patient is upset (i.e. crying), which provides space for the patient to say more about the cue.
Clip

Cue F (PE):
Sighing indicating a hidden emotional distress.
EPAAc: Dentist explicitly acknowledges affective aspect of the cue (i.e. a big sigh), which provides space for the patient to say more about the cue without specifically seeking it. 
